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PART I: A STUDY OF METERING

SUMMARY AND CONCLUSIONS

This draft document reports primarily on the current status
of the metering study. Its purpose is to document, in rough
form, the state of progress but is not intended to be a full
polished exposition.

Our conclusions, as of 14 September, are summarized below:
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1) The original aims of routing and metering still ccem
to be valid; to increase throughput and efficiency on
Lie ianwes bulll roullay anG uETering are needed.
2) The original proposed metering scheme performed pcorly.

o

3) A new metering scheme was davelope

(o))

and appears te work
quite well.

4) Testing of the metering was done by simulation and with
| fixed rdﬁting. The interaction with dymnamically changing
routes still ought to be evaluated for applicability

as well as for technical operation.

5) The estimate of neceded core memory has been deferred,
but a comparision with the old scheme is posgible.
The new scheme will undoubtedly allow a savings relative

to the o0ld scheme.

Our primary recomendation is to proceced with an implementation
of the new algorithm, for purposes of Eesting but not yet for
phasing over. A more concrcte approach i1s now appropriate.
The study will probably be beneficial to continue at low key at

least until the implementation is finished and availeble for

testing.
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I. INTRODUCTION

This draft document describes the current status of our
study oOn rouﬁiﬁé and metering in the ARPA network, The
routing estaﬁiiéhes paéﬁs through the network along 'Which
packets are allowed to flow. The meté?ing regulates the

flow of packets along these paths,

puring the course of this study, we focused our attention on

the definition and evaluation of a metering procedure. A

gimulation brogram was constructed to aid in the process of

algorithm definition and evaluation, Using this simu.. tion,
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avosal considered in an earlier sStudy was founrd
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to per.orm poorly, In sSection IXI, we describe a nev

MEeleriny procegure wnich nas rroven tTo WOrLK guite vwell in

numerous tests, A brief description of the simulation
nrogram usSed in the testing is given in sectien 1IIT, Some

-

exparimental results are presented in section IV along with
g s .

an evaluation of those experiments. Some conclusions are

contained in section V,

“he earlier study descrihed a routing procedure that was

starting point in this study. To concentrate
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entirelv on meteriro, the dynamics of the routing procedure

cera i-ninited and metering was contined to operate with a

sot of rnutes fixed in advance for each case,. A stugdy of
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+he relation between dynamic routing and the metering was

deferren,
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The connter D is initialized to zero, and in steady state

with ©» <congestion both C and D reimaln at zero, When

congestion begins to occur, the threshold D is allowed to
rise thus permitting the input traffic rate to be reduced.

Th
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action of these counters is illustrated éEhematically in
figure 2 below.,'u$he shaded sections on the D line, just
helow tbe clivped preaks, indicate the periods when traffic
is =allcved to flow, with a constant and heavy offered
{ traffic load, C linearly <Counts up until it reaches

thresheld D at which time one packet is permitted to pass

—~

and C is reset to zero.
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/ Fiqure 2. Threchold Meteriny with C and D

.
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. "ne loval of D regulates the niov, vhen D 1s zero, pPackets

rAY Done +ne metor freely. Wwhen D is surficiently lardge,

vwacke s may rarely pass  the nmeter, Various choices of
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constanrts  have beasn tried in the simulation, In the latest

version, C is incremented by 30 every ,unit of time. The

-

limit on D iS.SWﬁ; thus C can count up full scale to 1209 in

~bout a half second.

The thresholi D - 4s incremented only when packets are
"negatively acknowledaged"®,. Three types of acknowledgments =~
nositive, null, and negative - are intrcduced, with only the

Latter one being used to affect D,

¥or +he moment, let us focus on packets arriving frem a

neiarnoring IMNP, The situation is only slightly different
“0r mac<ots arriving frorm a Host, as Ve shall see, Each

arrivirs packat which passes the line iseter and is placed on

A aueas  ilsg vozitively acknowledqed, Bach ©packet which

"

srrives  corractly but  faills to achlieve a queu®e placement
{two ooueibilities - no roem for huffers or a dine éefer
rodactian) is discarde& and nagatively acknowledged, For
eacn nacxot which arrives in error a hull acknowledgement is

returasi ardq the packet +«1ill be retransmitted.
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e | counter is incremented by for each received

gt LU ac«nowledoement, but is unatfected by paesitive and

$-a

1 3~ novleddements, “nhe D c¢gounter iy decremented by one

~

evervy o3t of time. When D equals o/ (tne upper limit) one

w3cket ow o z51loved to wmass at Most everY guarter swocona, For




T P
7 equal to 5%, one packct may pass at most every 20 ms. The J
( rorvresoonding  maximum data rates are approximately 4 l
!

vilonits/sec and 8% kilorits/second respectively,
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“he use of negative acknowledgements (nacks) 1s essential,
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T for examnle, the following situation which $
' |

illustrstes how a pvoor flo¥w of traffic «can Tresult 1if

¢
nedative acknowladogements are not used,
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Fiosure 3, ihe Yeed for HNevative Acknowledgrents
.

(. ‘he c¥Tored traffic to C is 5¢ kilobits/sec from one Host,

e of oreA traffic to »ois 52 kilorits/second from each of
/\' .
Tour ot s, A full queue will puvild up at B headed to D. A
L “gewe 111 not  huila up at ® headed to C. The INP at &
\on i nireect abont 3/4 tratfic headed to C on the route to
{
o civoe  at  most  onlv /4 of its trefiic will be able to
|
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) |
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reachr C. This distrihution is possible using nack's from B,

hut not ir  time bv using information local only to A, In

+he other ¢
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zircuit bandwidth,

The varcentadae of,nsteaéy state nack'd traffic must Dhe
reasonanly small for efficient use of the circuits, yet not
o small as to be useless for regulation, A 10% nack rate
at full capacity abvpears to be an acceptable upper bound.
Tnerementinag D by 19 for each nack and deZrementing D hy one
ser unit of time corresponds to a 16% steady state nack rate
At A7 xilobits/second

“he ar~in{or duantization) on traffac reqgulation is related
<5 *ha nackx Trate, Yo regulare down to Ssay 5 kilobits/sec
recuyres that a nack every 1%  time units just wainta}n

=Tee Y ztate. “hus. if D is incremented by 1€ per nack and

! -]
fecreascted hy 1 ver unit of time, only data rates abcve 5

ilo=1v"/80c Can se regulated, ror this choice, with 5%

“ilariti/sec of traftfic meteriny will occur when at least
Y5 ¢4 rne traftfic ie necatively acknowieaged. Witn undger o
silmnits sepc OF traffic metering is inibated regardless of
a0 nack raie., Tn  this case, the net typically reverts
“yisviv +o minimum hop routing., For these values, a full

s 1o traverse of T takes sllcohtly over a Second. It takes

Lozt 1 seconds for D te drop full scale.

se, tfaffic to C would be lowered to 1/4 of the




